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[TITLE OF THE INVENTION] 
LEAD FRAME AND BGA TYPE 
RESIN ENCAPSULATED SEMICONDUCTOR DEVICE 

[CLAIMS] 

1. A lead frame for a BGA type semiconductor device 
sliaped to have a thickness smaller than that of a lead 
frame blank at tips of inner leads thereof in accordance 
with a two-step etching process, comprising: 

the inner leads; 

outer terminal portions each integrally connected to 
an associated one of the inner leads, the outer terminal 
portions being adapted to be electrically connected to an 
external circuit and arranged in a two-dimensional fashion 
on a surface of the lead frame blank where the inner leads 
are formed; 

the tips of the inner leads each having a polygonal 
cross-sectional shape including four faces respectively 
provided with a first surface, a second surface, a third 
surface, and a fourth surface, the first surface being 
opposite to the second surface and flush with one surface 
of the remaining portion of the inner lead having the same 
thickness as that of the lead frame blank, and the third 
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and fourth surfaces each having a concave shape depressed 
toward the inside of the inner lead; and 

the outer terminal portions each having a polygonal 
cross-sectional shape including four faces respectively 
provided with a pair of opposite surfaces being flush with 
respective surfaces of the lead frame blank and another 
pair of opposite surfaces having a convex shape protruded 
toward the outside of the outer terminal portion. 



2. The lead frame according to claim 1, wherein each 
of the inner leads is shaped to have a thickness smaller 
than that of the lead frame blank at the entire portion 
thereof . 



3. A EGA type resin encapsulated semiconductor device 
fabricated using a lead frame according to claim 1 or 2, 
comprising : 

terminal portions made of solder and arranged on a 
surface of the lead frame where the outer terminal portions 
are formed, the terminal portions serving to be connected 
to an external circuit; 

a semiconductor chip fixedly attached, at a surface 
thereof formed with electrode portions, to the first 
surfaces of the inner leads by an insulating adhesive 
interposed therebetween in such a fashion that the 
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electrode portions are received between facing ones of the 
inner leads; 

the electrode portions each being electrically 
connected to the second surface of an associated one of the 
inner leads by a wire. 

4 . A BGA type resin encapsulated semiconductor device 
fabricated using a lead frame according to claim 1 or 2, 
comprising : 

terminal portions made of solder and arranged on a 
surface of the lead frame where the outer terminal portions 
are formed, the terminal portions serving to be connected 
to an external circuit; and 

a semiconductor chip electrically connected to the 
second surfaces of the inner leads by bumps, respectively. 

5. The BGA type resin encapsulated semiconductor 
device according to claim 4, wherein the second surface of 
the tip of each inner lead has a concave shape depressed 
toward the inside. of the inner lead. 

6. A BGA type resin encapsulated semiconductor device 
fabricated using a lead frame according to claim 1 or 2, 
comprising : 

terminal portions made of solder and arranged on a 
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surface of the lead frame where the outer terminal portions 
are formed, the terminal portions serving to be connected 
to an external circuit; 

the lead frame including a die pad having the same 
thickness as that of the inner lead tip and a size allowing 
the die pad to be received between facing ones of electrode 
portions of a semiconductor chip; 

the semiconductor chip fixedly attached, at a surface 
thereof formed with the electrode portions, to the die pad 
by an adhesive in such a fashion that the surface formed 
with the electrode portions directs in the same direction 
as the second surfaces of the inner lead tips; and 

the electrode portions each being electrically 
connected to the second surface of an associated one of the 
inner leads by a wire. 

7- A BGA type resin encapsulated semiconductor device 
fabricated using a lead frame according to claim 1 or 2, 
comprising: 

terminal portions made of solder and arranged on a 
surface of the lead frame where the outer terminal portions 
are formed, the terminal portions serving to be connected 
to an external circuit; 

the lead frame including a die pad having the same 
thickness as that of the inner lead tip and a size allowing 
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the die pad to be received between facing ones of electrode 
portions of a semiconductor chip; 

the semiconductor chip fixedly attached, at a surface 
thereof opposite to a surface formed with the electrode 
portions, to the die pad by an adhesive in such a fashion 
that the electrode portions direct in the same direction as 
the second surfaces of the inner lead tips; and 

the electrode portions each being electrically 
connected to the second surface of an associated one of the 
inner leads by a wire. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[FIELD OF THE INVENTION] 

The present invention relates to a lead frame member 
for a surface-mounting type resin encapsulated 
semiconductor device in which a lead frame is used as a 
core to form a circuit, and more particularly to a method 
for fabricating a lead frame member for EGA type 
semiconductor devices . 

[DESCRIPTION OF THE PRIOR ART] 

Recently, semiconductor devices have been developed 

to have a higher integration degree and a higher 

performance in pace with the tendency of electronic 

appliances to have a high performance and a light, thin, 
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simple, and miniature structure. A representative example 
of such semiconductor devices is an ASIC of LSI. In such a 
highly integrated semiconductor device having a higher 
performance, a rapid signal processing is conducted. Due 
to such a rapid signal processing, the inductance generated 
in the package may exceed a negligible level. In order to 
reduce the inductance in the package, proposals of 
increasing the number of power source terminals and ground 
terminals or reducing a substantial inductance have been 
made. In accordance with such proposals, an increase in 
the integration degree and performance of a semiconductor 
device results in an increase in the total number of outer 
terminals (pins) . For this reason, semiconductor devices 
should have a multipinned structure using a further 
increased number of pins. Among semiconductor devices such 
as ASICs, representative examples of which are multipinned 
ICS, in particular, gate arrays or standard cells, 
microcomputers, or DSPs (Digital Signal Processors), those 
using lead frames include surface-mounting packages such as 
QFPs (Quad Flat Packages) . Currently, QFPs up to a 300-pin 
class are practically being used. Such a QFP uses a 
single-layered lead frame 1410 shown in Fig. 14b. The 
cross-sectional structure of this QFP is shown in Fig. 14a. 
As shown in Fig. 14a, a semiconductor chip 1420 is mounted 
on a die pad 1411. Terminals (electrode pads) 1421 of the 
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semiconductor chip 1420 are connected with tips 1412A of 
inner leads 1412 plated with, for example, gold, by means 
of wires 1430, respectively. Thereafter, a resin 

encapsulating process is conducted, thereby forming a resin 
encapsulate 1440. Dam bars are then partially cut. 

Finally, outer leads 1413 are bent to have a gull-wing 
shape. Thus, the fabrication of the QFP is completed. 
This QFP has a structure in which the outer leads adapted 
to be connected to an external circuit are simultaneously 
arranged at the four sides of the package- That is, such a 
QFP is one developed to cope with a requirement for an 
increase in the number of terminals (pins). In the above 
case, the single-layered lead frame 1410 used is typically 
fabricated by processing a metal plate, made of cobalt, 42 
ALLOY (42% Ni/Fe alloy), or a copper-based alloy exhibiting 
a high conductivity and a high strength, in accordance with 
an etching process or a stamping process to have a shape 
shown in Fig. 14b. In Fig. 14b, the portion ( -f ) is a plan 
view of the single-layered lead frame, and the portion (□) 
is a cross sectional view taken along the line Fl - F2 of 
the portion ( ) . 

However, semiconductor devices recently developed to 
have a higher signal processing speed and a higher 
performance (function) have inevitably involved use of an 
increased number of terminals. In the case of QFPs, use of 
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an increased number of terminals may be achieved by 
reducing the pitch of outer terminals. However, where the 
pitch of outer terminals is reduced, the outer terminals 
should have a correspondingly reduced width. This results 
in a degradation in the strength of the outer terminals. 
As a result, there may be problems in regard to the 
positional accuracy or the accuracy of flatness in the 
terminal shaping process for processing the outer terminals 
to have a gull-wing shape. In QFPs, the pitch of the outer 
leads is further reduced from 0.4 mm to 0.3 mm. Due to 
such a reduced outer lead pitch, it is difficult to achieve 
the mounting process. This causes a problem in that a 
sophisticated board mounting technique should be realized. 

In order to avoid problems involved in conventional 
QFPs in regard to the mounting efficiency and mounting 
possibility, a plastic package semiconductor device called 
a ^'BGA (Ball Grid Array) semiconductor package" .has been 
developed which is a surface-mounting package having solder 
balls as outer terminals thereof. The BGA semiconductor 
package is a surface-mounting semiconductor device (plastic 
package) in which outer terminals thereof are comprised of 
solder balls, arranged in a matrix array on a package 
surface. In order to increase the number of input/output 
terminals in such a BGA semiconductor package, a 
semiconductor chip is mounted on one surface of a double- 
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sided circuit board. To the other surface of the circuit 
board, spherical solder balls are attached as electrodes 
for outer terminals. The electrodes for outer terminals 
are electrically conducted with the semiconductor chip via 
through holes, respectively. Since the spherical solder 
balls are arranged in the form of an array, it is possible 
to increase the terminal pitch, as compared to 
semiconductor devices using a lead frame. Accordingly, it 
is possible to achieve an increase in the number of 
input/output terminals without any difficulty in mounting 
semiconductor devices. The above mentioned BGA 

semiconductor package typically has a structure as shown in 
Fig. 11a. Fig. lib is a view taken toward the lower 
surface of a blank shown in Fig. 11a. Fig. 11c shows 
through holes 1150. This BGA semiconductor package 

includes a die pad 1105 and bonding pads 1110 provided at 
one surface of a flat blank (resin plate) 1102 made of, for 
example, BT resin (bismalleid-based resin) to exhibit an 
anti-heat dissipation property. The die pad 1105 is 
adapted to mount a semiconductor chip 1101 thereon. The 
bonding pads 1110 are electrically connected with the 
semiconductor chip 1101 by means of bonding wires 1108, 
respectively. The BGA semiconductor package also includes 
outer connecting terminals 1106 provided at the other 
surface of the blank 1102. The outer connecting terminals 



M-5599 US591549 vl 
9-8206 

1106 are comprised of solder balls arranged in the form of 
a lattice or in a zig-zag fashion to electrically and 
physically connect the resulting semiconductor device to an 
external circuit. The bonding pads 1110 are electrically 
connected to the outer connecting terminals 1106 by means 
of wires 1104, through holes 1150, and wires 1104A, 
respectively. However, such a BGA semiconductor package 
has a complex configuration in that the blank 1102 is 
formed at both surfaces thereof with the circuits adapted 
to connect the semiconductor chip mounted on the BGA 
semiconductor package with the wires and electrodes, as 
outer terminals, adapted to allow the semiconductor package 
to be mounted on a printed circuit board after being 
configured into a semiconductor device. Furthermore, a 
short circuit may occur in the through holes 1150 due to a 
thermal expansion of the resin. Thus, the above mentioned 
BGA semiconductor package involves various problems in 
regard to manufacture and reliance. 

In order to simplify the fabrication process of 
semiconductor packages while avoiding a degradation in 
reliability, various proposals have recently been made in 
which a circuit having a lead frame as a core thereof is 
formed, as different from the structure shown in Figs. 11a 
to 11c. In BGA semiconductor packages using such a lead 
frame, holes are perforated at areas respectively 
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corresponding to the outer terminal portions 1214 of the 
lead frame 1210. The lead frame 1210 is fixedly attached 
to an insulating film 1260. Such a structure is 

illustrated in Fig. 12a. A similar structure is shown in 
Fig. 12b. Conventionally, the lead frame used in BGA 
semiconductor packages adapted to use such a lead frame is 
fabricated using an etching process as shown in Figs. 13a 
to 13e. Inner and outer terminal portions 1212 and 1214 
are formed to have the same thickness as that of a lead 
frame blank used. The etching process illustrated in Figs. 
13a to 13e will now be described in brief. First, a thin 
plate (a lead frame blank 1310) made of a copper alloy or a 
nickel-copper alloy containing 42% Ni to have a thickness 
of about 0.25 mm is sufficiently cleaned. Thereafter, a 
photoresist 1320 such as a water-soluble casein resist 
using potassium dichromate as a sensitive agent is 
uniformly coated over both surfaces of the thin plate (Fig. 
13b) . 

Subsequently, the resist films are exposed to highly- 
pressurized murcury while using a mask formed with a 
desired pattern, and then developed using a desired 
developing solution, thereby forming resist patterns 1330 
(Fig. 13c) . If necessary, an additional process such as a 
film hardening process or a cleaning process is then 
conducted. An etching solution containing a ferric 
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chloride solution as a principal component thereof is 
sprayed onto the thin plate (lead frame blank 1310) , 
thereby causing the thin plate to be etched to have through 
holes having a desired shape and size (Fig. 13d) . 

The remaining resist films are then removed (Fig. 
13e) . After the removal of the resist films, the resulting 
structure is cleaned to obtain a desired lead frame. Thus, 
the etching process is completed. The lead frame obtained 
after the etching process is then subjected to a silver 
plating process at desired regions thereof. Following 
processes such as a cleaning process and a drying process, 
the inner lead portions of the lead frame are subjected to 
a tapping process using a polyimide-based adhesive tape for 
their fixing. If necessary, a bending process for tab bars 
and a down-setting process for the die pad are conducted. 
In the etching process shown in Fig. 13a to 13e, however, 
the thin plate is etched in both the direction of the 
thickness and directions perpendicular to the direction of 
the thickness. For this reason, there is a limitation in 
the miniaturization of inner lead pitches of lead frames. 

[SUBJECT MATTERS TO BE SOLVED BY THE INVENTION] 

As described above, BGA type resin encapsulated 
semiconductor devices using a lead frame as a core thereof 
can have an increased pitch of outer terminals adapted to 
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be connected to an external circuit while achieving an easy 
mounting for semiconductor devices, thereby allowing an 
increase in the number of input and output terminals, as 
compared to semiconductor packages using a single-layered 
lead frame shown in Fig. 14b while having outer terminals 
having the same structure as those of the BGA type 
semiconductor packages. However, there has also been 
growing demand for an increase in the number of terminals 
semiconductor packages. To this end, a reduced pitch of 
inner leads has been essentially required. Consequently, 
it is necessary to provide schemes capable of solving such 
a requirement. The present invention is adapted to solve 
the above mentioned requirement. In accordance with the 
present invention, it is possible to use an increased 
number of terminals. The present invention is adapted to 
provide a BGA type semiconductor device in which a circuit 
using a lead frame as its core is formed. Also, the 
present invention is adapted to provide a lead frame used 
to fabricate the above mentioned semiconductor device. 

[MEANS FOR SOLVING THE SUBJECT MATTERS] 

The lead frame of the present invention is shaped to 
have a thickness smaller than that of a lead frame blank at 
tips of inner leads thereof in accordance with a two-step 
etching process. This lead frame is characterized in that 
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it comprises: inner leads; outer terminal portions each 
integrally connected to an associated one of the inner 
leads, the outer terminal portions being adapted to be 
electrically connected to an external circuit and arranged 
in a two-dimensional fashion on a surface of the lead frame 
blank where the inner leads are formed; the tips of the 
inner leads each having a polygonal cross-sectional shape 
including four faces respectively provided with a first 
surface, a second surface, a third surface, and a fourth 
surface, the first surface being opposite to the second 
surface and flush with one surface of the remaining portion 
of the inner lead having the same thickness as that of the 
lead frame blank, and the third and fourth surfaces each 
having a concave shape depressed toward the inside of the 
inner lead; and the outer terminal portions each having a 
polygonal cross-sectional shape including four faces 
respectively provided with a pair of opposite surfaces 
being flush with respective surfaces of the lead frame 
blank and another pair of opposite surfaces having a convex 
shape protruded toward the outside of the outer terminal 
portion. The present invention is also characterized by a 
BGA type resin encapsulated semiconductor device fabricated 
using the lead frame of the present invention 

comprising: terminal portions made of solder and arranged 
on a surface of the lead frame where the outer terminal 
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portions are formed, the terminal portions serving to be 
connected to an external circuit; a semiconductor chip 
fixedly attached, at a surface thereof formed with 
electrode portions, to the first surfaces of the inner 
leads by an insulating adhesive interposed therebetween in 
such a fashion that the electrode portions are received 
between facing ones of the inner leads; the electrode 
portions each being electrically connected to the second 
surface of an associated one of the inner leads by a wire. 
Also, the present invention is characterized by a EGA type 
resin encapsulated semiconductor device fabricated using 
the lead frame of the present invention comprising: 
terminal portions made of solder and arranged on a surface 
of the lead frame where the outer terminal portions are 
formed, the terminal portions serving to be connected to an 
external circuit; and a semiconductor chip electrically 
connected to the second surfaces of the inner leads by 
bumps, respectively- This BGA type resin encapsulated 
semiconductor device is also characterized in that the 
second surface of the tip of each inner lead has a concave 
shape depressed toward the inside of the inner lead. The 
present invention is further characterized by a BGA type 
resin encapsulated semiconductor device fabricated using 
the lead frame of the present invention comprising: 
terminal portions made of solder and arranged on a surface 
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of the lead frame where the outer terminal portions are 
formed, the terminal portions serving to be connected to an 
external circuit; the lead frame including a die pad having . 
the same thickness as that of the inner lead tip and a size 
allowing the die pad to be received between facing ones of 
electrode portions of a semiconductor chip; the 
semiconductor chip fixedly attached, at a surface thereof 
formed with the electrode portions, to the die pad by an 
adhesive in such a fashion that the surface formed with the 
electrode portions directs in the same direction as the 
second surfaces of the inner lead tips; and the electrode 
portions each being electrically connected to the second 
surface of an associated one of the inner leads by a wire. 
The present invention is also characterized by a BGA type 
resin encapsulated semiconductor device fabricated using 
the lead frame of the present invention comprising: 
terminal portions made of solder and arranged on a surface 
of the lead frame where the outer terminal portions are 
formed, the terminal portions serving to be connected to an 
external circuit; the lead frame including a die pad having 
the same thickness as that of the inner lead tip and a size 
allowing the die pad to be received between facing ones of 
electrode portions of a semiconductor chip; the 
semiconductor chip fixedly attached, at a surface thereof 
opposite to a surface formed with the electrode portions. 
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to the die pad by an adhesive in such a fashion that the 
electrode portions direct in the same direction as the 
second surfaces of the inner lead tips; and the electrode 
portions each being electrically connected to the second 
surface of an associated one of the inner leads by a wire. 

[FUNCTIONS] 

The lead frame of the present invention is fabricated 
using a two-step etching process in such a fashion that it 
has . a thickness smaller than that of a lead frame blank 
used at its inner lead tips. In particular, the present 
invention makes it possible to fabricate a lead frame 
having a thickness smaller than that of a lead frame blank 
at tips of inner leads thereof in accordance with a two- 
step etching process. That is, it is possible, in 
accordance with the present invention, to fabricate a lead 
frame having a thickness smaller than that of a lead frame 
blank at tips of inner leads thereof in accordance with an 
etching process shown in Figs. 8 or 9, thereby being 
capable of achieving a reduction in the pitch of inner 
leads. In accordance with the present invention, it is 
also possible to provide a BGA . type resin encapsulated 
semiconductor device capable of achieving use of an 
increased number of terminals by arranging outer terminal 
portions ±n a two-dimensional fashion on a lead frame 
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surface. The present invention also achieves a reduction 
in the pitch of the inner leads as well as a reduction in 
the tip width of the inner leads by allowing the inner 
leads to have a thickness smaller than that of the lead 
frame blank. The tip of each inner lead has a polygonal 
cross-sectional shape including four faces respectively 
provided with a first surface, a second surface, a third 
surface, and a fourth surface. The first surface is 
opposite to the second surface and flush with one surface 
of the remaining portion of the inner lead having the same 
thickness as that of the lead f rame blank. The third and 
fourth surfaces have a concave shape depressed toward the 
inside of the inner lead. Accordingly, an increase in 
strength is obtained with respect to the wire bonding width 
of the inner lead tips. Each outer terminal portion has a 
polygonal cross-sectional shape including four faces 
respectively provided with a pair of opposite surfaces 
being flush with respective surfaces of the lead frame 
blank and another pair of opposite surfaces having a convex 
shape protruded toward the outside of the outer terminal 
portion. Accordingly, the outer terminal portions have a 
sufficient strength. By virtue of the lead frame of the 
present invention having the above mentioned structure, the 
BGA type resin encapsulated semiconductor device of the 
present invention can have an increased number of 
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terminals . 
[EMBODIMENTS] 

Hereinafter, embodiments of the present invention 
will be described in conjunction with the annexed drawings . 
First, a lead frame according to a first embodiment of the 
present invention will be described. Fig. la is a plan 
view schematically illustrating the lead frame according to 
the first embodiment of the present invention. Fig. lb is 
an enlarged view corresponding to about 1/4 portion of Fig. 
la. Fig. Ic is a cross-sectional view illustrating tips of 
inner leads. Fig. Id is a cross-sectional view partially 
taken along the line Al - A2 of Fig. la. 

For the easy understanding of the illustrated 
structure. Fig. la, which is a schematic view, illustrates 
a reduced number of inner leads and a reduced number of 
outer terminal portions, as compared to Fig. lb. In the 
figures, the reference numeral 100 denotes a lead frame, 
110 inner leads, llOA tips of the inner leads, 120 outer 
terminal portions, 140 dam bars, 150 tab bars, 160 a frame 
portion, and 170 die holes. The lead frame according to 
the first embodiment is made of a nickel-copper alloy 
containing 42% Ni. This lead- frame is fabricated in 
accordance with an etching process shown in Fig. 8 so that 
it is used for BGA type semiconductor devices. As shown in 
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Fig. la, outer terminal portions 120, each of which is 
integrally connected to an associated one of inner leads 
110, are arranged in a two-dimensional fashion on a surface 
where the inner leads are formed, that is, a lead frame 
surface. The inner leads 110 has a thickness smaller than 
that of a blank for the lead frame at its entire portion 
including tips llOA. The outer terminal portions 120 have 
the same thickness as that of the lead frame blank. The 
inner leads 110 have a thickness of 40 ^m whereas the 
portions of the lead frame other than the inner leads 110 
have a thickness of 0.15 mm corresponding to the thickness 
of the lead frame blank. The tips llOA of the inner leads 
have a small pitch of 0.12 mm so as to achieve an increase 
in the number of terminals for semiconductor devices. As 
shown in Fig. Ic, the tip llOA of each inner lead has a 
substantially polygonal cross-sectional shape having four 
faces. The first face denoted by the reference numeral 
llOAa corresponds to a surface of the lead frame blank. 
That is, the first face llOAa is flush with one surface of 
an associated one of the outer terminal portions 120 
involving no reduction in thickness. The second face 
denoted by the reference numeral llOAb is a surface etched, 
but having a substantially flat profile, so as to allow an 
easy wire boding thereon. The third and fourth faces llOAc 
and llOAd have a concave shape depressed toward the inside 
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of the associated inner lead, respectively. This structure 
exhibits a high strength even though the second face (wire 
bonding surface) llOAb is narrow. Each outer terminal 
portion 120 has a substantially polygonal cross-sectional 
shape having four faces, as shown in Fig. Id. A pair of 
opposite faces 120a and 120b have a convex shape protruded 
toward the outside of the associated outer terminal 
portion, respectively. As shown in Fig. Id, each inner 
lead 110 has a cross-sectional shape corresponding to that 
of its tip llOA shown in Fig. Ic. In the case of the lead 
frame 100 according to this embodiment, the outer .terminal 
portions 120 are integrally connected to dam bars 140. 

Now, a lead frame according to a second embodiment of 
the present invention will be described. Fig. 2a is a plan 
view schematically illustrating the lead frame, denoted by 
the reference numeral 100a, according to the first 
embodiment of the present invention. Fig. 2b is an 
enlarged view corresponding to about 1/4 portion of Fig. 
la. Fig. 2c(l) is a cross-sectional view illustrating tips 
of inner leads. Fig. 2c (2) is a cross-sectional view 
partially taken along the line CI - C2 of Fig. 2b, 
illustrating the cross sections of the inner leads. Fig. 
2c (3) is a cross-sectional view partially taken along the 
line CI - C2 of Fig. 2b, illustrating the cross sections of 
the outer terminal portions 120. For the easy 
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understanding of the illustrated structure. Fig. 2a, which 
is a schematic view, illustrates a reduced number of inner 
leads and a reduced number of outer terminal portions, as 
compared to Fig. 2b. Similarly to the first embodiment, 
the lead frame according to the second embodiment is made 
of a nickel-copper alloy containing 42% Ni. This lead 
frame is fabricated in accordance with an etching process 
shown in Fig. 8 so that it is used for BGA type 
semiconductor devices. As shown in Fig. 2a, outer terminal 
portions 120, each of which is integrally connected to an 
associated one of inner leads 110, are arranged in a two- 
dimensional fashion on a lead frame surface. As different 
from the first embodiment, the inner leads 110 of the 
second embodiment has a thickness smaller than that of a 
blank for the lead frame only at its tips llOA. As shown 
in Fig. 2c ("f), the tip llOA of each inner lead has a 
cross-sectional shape substantially same as that of the 
first embodiment. The entire portion of each inner lead, 
except for a portion corresponding to a bonding region 
where an electrode portion (pad) is wire-bonded to a 
semiconductor chip for the connection therebetween, has the 
same thickness as that of the lead frame blank, similarly 
to the outer terminal portions 120, as shown in Fig. 
2c(0), For this reason, the above mentioned portion of 
each inner lead cannot have a small pitch as in the tip. 
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As shown in Fig. 2c(>"^)> each outer terminal portion 120 
has a cross section with the same thickness as that of the 
lead frame blank, as in the lead frame of the first 
embodiment. Also, in the case of the lead frame lOOA 
according to this embodiment, the outer terminal portions 
120 are integrally connected to dam bars 140. 

Where either the lead frame of the first embodiment 
or the lead frame of the second embodiment may be easily 
twisted at its inner leads 110 when it is formed into the 
shape of Fig. 1 or 2 in accordance with an etching process. 
To this end, the lead frame is subjected to an etching 
process in a state in which the tips of the inner leads are 
fixed together by means of connecting portions llOB. After 
completion of the etching process, the inner leads 110 are 
fixedly held by reinforcing tapes 190 (Fig. 3b). When a 
semiconductor device is fabricated using the lead frame, 
those fixing members are removed using a press or the like 
(Fig. 2a). In the case of the lead frame according to the 
second embodiment, it can be subjected to the etching 
process under the condition in which the tip of each inner 
lead is directly connected to the die pad. In this case, 
unnecessary portions of the lead frame are cut off after 
the etching process. 

A method for etching the lead frame of the first 
embodiment will now be described in conjunction with Figs. 
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8a to 8e. Figs. Ba to Be are cross-sectional views 
respectively illustrating sequential steps of the etching 
process for the lead frame of the first embodiment shown in 
Fig. 1. In particular, the cross-sectional views of Figs. 
8a to 8e correspond to a cross section taken along the line 
Al - A2 of Fig. lb, respectively. In Figs. Ba to Be, the 
reference numeral 810 denotes a lead frame blank, 820A and 
B20B resist patterns, 830 first openings, 840 second 
openings, 850 first concave portions, 870 flat surfaces, 
and 880 an etch-resistant layer, respectively. Also, the 
reference numeral 110 denotes inner leads, and the 
reference numeral 120 denotes outer terminal portions. 
First, an water-soluble casein resist using potassium 
dichromate as a sensitive agent is coated over both 
surfaces of a lead frame blank 810 made of a nickel-copper, 
alloy containing 42% Ni to have a thickness of about 0.15 
mm. Using desired pattern plates, the resist films are 
patterned to form resist patterns 820A and 820B having 
first openings 830 and second openings 840, respectively 
(Fig. 8a) . 

The first openings 830 are adapted to not only form a 
desired shape for outer terminal portions in a subsequent 
process, but also to allow the lead frame blank 810 to be 
etched in accordance with the pattern shape of the first 
openings to have a reduced thickness at inner lead forming 
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regions. The second openings 840 are adapted to form 
desired shapes of inner leads and outer terminal portions . 
Thereafter, both surfaces of the lead frame blank 810 
formed with the resist patterns are etched using a 48 Be 
ferric chloride solution of 57®C at a spray pressure of 
2.5 kg/cm^. The etching process is terminated at the point 
of time when first recesses 850 etched to have a flat 
etched bottom surface have a depth h corresponding to 1/3 
of the thickness of the lead frame blank (Fig. 8b) . 

Although both surfaces of the lead frame blank 810 
are simultaneously etched in the primary etching process, 
it is unnecessary to simultaneously both surface of the 
lead frame blank 810. For instance, an etching process may 
be conducted at the surface of the lead frame blank formed 
with the resist pattern 820B having openings of a desired 
shape to form at least a desired shape of the inner leads 
using an etchant solution. In this case, the etching 
process is terminated after obtaining a desired etching 
depth at the etched inner lead forming regions. The reason 
why both surfaces of the lead frame blank 810 are 
simultaneously etched, as in this embodiment, is to reduce 
the etching time taken in a secondary etching process as 
described hereinafter. The total time taken for the 
primary and secondary etching processes is less than that 
taken in the case of etching only one surface of the lead 
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frame blank on which the resist pattern 820B is formed. 
Subsequently, the surface provided with the first recesses 
850 respectively etched at the first openings 830 is 
entirely coated with an etch-resistant hot-melt wax (acidic 
wax type MR-WBG, The Inctec Inc.) by a die coater to form 
an etch-resistant layer 880 so as to fill up the first 
recesses 850 and to cover the resist pattern 820A (Fig. 
8c) . 

It is unnecessary to coat the etch-resistant layer 
880 over the entire portion of the surface provided with 
the resist pattern 820A. However, it is preferred that the 
etch-resistant layer 880 be coated over the entire portion 
of the surface formed with the first recesses 850 and first 
openings 830, as shown in Fig. 8c, because it is difficult 
to coat the etch-resistant layer 880 only on the surface 
portion including the first recesses 850. Although the 
hot-melt wax employed in this embodiment is an 
alkali-soluble wax, any suitable wax resistant to the 
etching action of the etchant solution and remaining 
somewhat soft during etching may be used. A wax for forming 
the etch-resistant layer 880 is not limited to the afore- 
mentioned wax, but may be a wax of a UV-setting type. 
Since each first recess 850 etched by the primary etching 
process at the surface formed with the pattern adapted to 
form a desired shape of the inner lead tip is filled up 
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with the etch-resistant layer 880, it is not further etched 
in the following secondary etching process. The 
etch-resistant layer 880 also enhances the mechanical 
strength of the lead frame blank for the second etching 
process, thereby enabling the second etching process to be 
conducted while keeping a high accuracy. It is also 
possible to enable a second etchant solution to be sprayed 
at an increased spraying pressure, for example, 2.5 kg/cm 
or above, in the secondary etching process. The increased 
spraying pressure promotes the progress of etching in the 
direction of the thickness of the lead frame blank in the 
secondary etching process. Then, the lead frame blank is 
subjected to a secondary etching process. In this 

secondary etching process, the lead frame blank 810 is 
etched at its surface formed with second recesses 860 to 
completely perforate the second recesses 860, thereby 
forming inner leads 110 and outer terminal portions 120 
{Fig. 8d) . 

The bottom surface 870 of each recess formed by the 
primary etching process is flat. However, both side 
surfaces of each recess positioned at opposite sides of the 
bottom surface 870 have a concave shape depressed toward 
the, inside of the inner lead. Then, the lead frame blank 
is cleaned. After completion of the cleaning process, the 
etch-resistant layer 880, resist films (resist patterns 
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820A and 820B) are sequentially removed. Thus, a lead 
frame having a structure of Fig. la formed with the inner 
leads 110 and outer terminal portions 120 is obtained. The 
removal of the etch-resistant layer 880 and resist films 
(resist patterns 820A and 820B) is achieved using a sodium 
hydroxide solution serving to dissolve them. 

Although the lead frame etching method of Figs. 8a to 
8e correspond to a cross section taken along the line Al - 
A2 of Fig. lb, respectively, the inner lead tips llOA of 
Fig. . la may be formed to have the same shape as that of the 
inner leads 110 shown in Fig. 8. Since the entire portion 
of each inner lead is formed to have a thickness smaller 
than that of the lead frame blank in accordance with the 
etching process shown in Fig. 8, it is possible to obtain a 
reduced pitch of the inner lead tips. It is also possible 
to allow the inner leads to have a reduced pitch at their 
portions other than their tips. In particular, it is 
possible to provide a structure in which the first surface 
llOAa of the inner lead tip can be flush with the lead 
frame blank portions having the same thickness as that of 
the lead frame blank, except for the lead frame blank 
portions having a reduced thickness, while being opposite 
to the second surface llOAb, as shown in Fig. Ic. In this 
case, the third and fourth surfaces llOAc and llOAd may 
have a concave shape depressed toward the inside of the 
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inner lead. 

The lead frame of the second embodiment shown in 
Figs. 2a to 2e can be fabricated using an etching method 
partially modified from that of Figs. 8a to 8e. That is, 
the tip llOA of each inner lead is formed to have a 
thickness smaller than that of the lead frame blank 810 
using the same method as that shown in Figs. 8a to 8e and 
used for the fabrication of the inner leads 110. The 
remaining portions of the lead frame except for the inner 
lead tips are formed to have the same thickness as that of 
the lead frame blank 810 using the same process as used in 
the formation of the outer terminal portions 120 shown in 
Figs. 8a to 8e. Thus, the lead frame of the second 
embodiment, in which only the inner lead tips have a 
thickness smaller than that of the lead frame blank, can be 
fabricated using an etching process. 

Where a semiconductor chip is mounted on the second 
surfaces 110b of the inner leads by means of bumps for an 
electrical connection therebetween, as in a semiconductor 
device according to a second embodiment as described 
hereinafter, an increased tolerance for the connection by 
bumps is obtained when the second surface 110b has a 
concave shape depressed toward the inside of the inner 
lead. To this end, an etching method shown in Figs. 9a to 
9e is used in this case. The etching method shown in Figs. 
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9a to 9e is the same as that of Figs. 8a to 8e in 
association with its primary etching process. After 
completion of the primary etching process, the etching 
method is conducted in a manner different from that of the 
etching method of Figs. 8a to 8e in that the second etching 
process is conduced at the side of the first recesses 850 
after filling up the second recesses 860 by the etch-resist 
layer 880, thereby completely perforating the second 
recesses 860. The cross section of each inner lead, 
including its tip, formed in accordance with the etching 
method of Figs. 9a to 9e, has a concave shape depressed 
toward the inside of the inner lead at the second surface 
110b, as shown in Fig. 5. 

The etching method in which the etching process is 
conducted at two separate steps, respectively, as in that 
of Figs. 8a to 8e or 9a to 9e, is generally called a "two- 
step etching method". This etching method is advantageous 
in that a desired fineness can be obtained. The etching 
method used to fabricate the lead frame 110 of the first 
embodiment shown in Figs, la to Id or the lead frame of the 
second embodiment shown in Figs. 2a to 2c involves the two- 
step etching method and the method for forming a desired 
shape of each lead frame portion while reducing the 
thickness of each pattern formed. In particular, the 
etching method makes it possible to achieve a desired 
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fineness- In accordance with the method illustrated in 
Figs. 8a to 8e or Figs. 9a to 9e, the fineness of the tip 
of each inner lead formed by this . method is dependent on 



the thickness of 
the blank has a 



the inner lead tip. 



For example, where 



Om, it is possible 
corresponding to an 
course, it may be 
further reduced tip 



thickness t reduced to 50 Om, the inner 
leads can have a fineness corresponding to a lead width Wl 
of 100 Om and a tip pitch p of 0.15 mm, as shown in Fig. 
Be. In the case of using a small blank thi 
about 30 Om and a lead width Wl of 70 
to form inner leads having a fineness 
inner lead pitch p of 0.12 mm. Of 
possible to form inner leads having a 



pitch by adjusting the blank thickness t and the lead width 
Wl. 

Now, preferred embodiments of the present invention 
associated with a BGA type resin encapsulated semiconductor 
device will be described in conjunction with the annexed 
drawings. First, a first embodiment of a BGA type resin 
encapsulated semiconductor device will be described. Fig. 
4a is a cross-sectional view illustrating the BGA type 
resin encapsulated semiconductor device according to the 
first embodiment. Figs. 4b and 4c are cross-sectional 
views taken in the direction of the thickness of the 
semiconductor device to illustrate one inner lead tip and 
one outer lead portion, respectively. In Figs. 4a to 4c, 
the reference numeral 200 denotes the semiconductor device, 
211 electrode portions (pads), 220 wires, 240 a resin 
encapsulate, 250 reinforcing tapes, 260 an insulating 
adhesive, and 270 terminal portions, respectively. The BGA 
type resin encapsulated semiconductor device is fabricated 
using the lead frame according to the first embodiment. In 
this BGA type resin encapsulated semiconductor device, 
terminal portions 270, which are made of solder and adapted 
to connected to an external circuit, are arranged in a two- 
dimensional fashion on respective surfaces of outer 
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terminal portions 120 included in the lead frame. In this 
first embodiment, a semiconductor chip 210 is fixedly 
attached to the first surfaces 110a of inner leads 110 by 
means of an insulating adhesive 260 at its surface formed 
5 with electrode portions (pads) 211 in such a fashion that 

the electrode portions (pads) 211 are interposed between 
facing ones of the inner leads 110. Each electrode portion 
(pad) 211 is electrically connected to the second surface 
110b of an associated one of the inner leads 110 by means 

10 of a wire 220. The semiconductor device of this first 

embodiment is encapsulated by a resin encapsulate 240 
having a size substantially same as that of the 
semiconductor chip. This semiconductor device is also 
called a "'CSP (Chip Size Package)". Since the tip of each 

15 inner lead 110 connected with the semiconductor chip by the 

associated wire 220 has a thickness smaller than that of 
the lead frame blank, the semiconductor device can have a 
thin structure. 

The inner leads 110 of the lead frame used in the 

20 semiconductor device of this first embodiment has a cross- 

sectional shape as shown in Fig. 10(-f )a. The inner lead 
110 has an etched flat surface (second surface) llOAb which 
has a width Wl slightly more than the width W2 of an 
opposite surface llOAa (first surface) . The widths Wl and 

25 W2 are more than the width W at the central portion of the 

inner lead when viewed in the direction of the inner lead 
thickness. Thus, the tip of the inner lead has a cross- 
sectional shape having opposite wide surfaces while having 
a third surface llOAc and a fourth surface llOAd with a 

30 concave shape depressed toward the inside of the inner 

lead. By virtue of such a structure, a stable connection 
and an easy bonding are achieved in either case in which 
the inner lead tip llOA is wire-bonded to the semiconductor 
chip (not shown) at its first surface llOAa or its second 

35 surface llOAb. In the illustrated case, however, the 

etched surface (Fig. 10('<)a) is used as a bonding surface. 
In the figure, the reference numeral llOAb denotes the flat 
surface (second surface) formed by an etching process, 
llOAa the surface of the lead frame blank (first surface) , 

40 1020A wires, and 1021a plated portions, respectively. 

Since the etched flat surface llOaB (second surface) is not 
rough, it exhibits a superior aptitude for connection 
(bonding) in the case of Fig. 10 (□)a. Fig. 10 (/n) 
illustrates the connection (bonding) of the inner lead tip 

45 lOlOB of the lead frame fabricated in accordance with an 

etching method shown in Fig. 13 to a semiconductor chip 
(not shown) . In this case;, the inner lead tip lOlOB is 
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flat at both surfaces thereof. However, the surfaces of 
the inner lead tip lOlOB have a width not more than the 
width defined between them in the thickness direction. 
Since both the surfaces are portions of the unprocessed 
surfaces of the blank for forming this lead frame, the 
aptitude thereof for connection (bonding) is inferior to 
that of the etched flat surface of the inner lead tip in 
accordance with this embodiment. Fig. 10( — ) illustrates 
the tips lOlOC and lOlOD of inner leads formed in 
accordance with an etching process after being processed to 
have a reduced thickness and then subjected to an etching 
process and then connected to a semiconductor chip (not 
shown) . Since the surface of each inner lead tip, at which 
a pressing process is conducted, is not flat, as shown in 
the figure, the tip is unstable during a connection 
(bonding) process, which may cause a problem in the 
reliability of the semiconductor package, as shown in Figs. 
10 (~) a and 10(~-)b. In the figures, the reference numeral 
lOlOAb denotes a coining surface, and the reference numeral 
lOlOAa denotes a lead frame blank surface. 

A second embodiment of the present invention 
associated with a BGA type resin encapsulated semiconductor 
device will now be described. Fig. 5a is a cross-sectional 
view illustrating the BGA type resin encapsulated 
semiconductor device according to the second embodiment. 
Figs. 5b and 5c are cross-sectional views taken in the 
direction of the thickness of the semiconductor device to 
illustrate one inner lead tip and one outer lead portion, 
respectively. In Figs. 5a to 5c, the reference numeral 200 
denotes the semiconductor device, 210 a semiconductor chip, 
212 bumps, 240 a resin encapsulate, 250 reinforcing tapes, 
and 270 terminal portions, respectively. The BGA type 
resin encapsulated semiconductor device is fabricated using 
a lead frame made of a nickel-copper alloy containing 42% 
Ni to have a thickness of about 0.15 mm and processed to 
have the same shape as that in the first embodiment of 
Figs, la and lb in accordance with an etching process of 
Figs. 9a to 9e while having, at the entire portion of each 
inner lead, a thickness smaller than that of a blank for 
the lead frame. In this BGA type resin encapsulated 
semiconductor device, terminal portions 270, which are made 
of solder and adapted to connected to an external circuit, 
are arranged in a two-dimensional fashion on one surface of 
the semiconductor device. In this second embodiment, a 
semiconductor chip 210 is mounted near the tips of the 
inner leads 110 by means of bumps 212. Where the strength 
of the inner leads is insufficient due to a thin structure 
of the lead frame, the semiconductor chip 210 may be 
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attached to the lead frame over the entire portion of the 
lead frame. 

The inner leads 110 of the lead frame used in the 
semiconductor device of this second embodiment has a cross- 
sectional shape as shown in Fig. 10(-<)b. The inner lead 
110 has an etched flat surface (second surface) llOAb which 
has a width WIA slightly more than the width W2A of an 
opposite surface. The widths WIA and W2A (about 100 Om) 
are more than the width WA at the central portion of the 
inner lead when viewed' in the direction of the inner lead 
thickness. Thus, the tip of the inner lead has a cross- 
sectional shape having opposite wide surfaces. The first 
surface llOAa is flat whereas the second surface llOAb has 
a concave shape depressed toward the inside of the inner 
lead. The third and fourth surfaces llOAc and llOAd also 
have a concave shape depressed toward the inside of the 
inner lead. By virtue of such a structure, a stable and 
easy connection at the second surface llOAb is achieved. 

The semiconductor device according to this second 
embodiment uses the lead frame fabricated in accordance 
with the etching method of Figs. 9a to 9e while having a 
thickness smaller than that of the lead frame blank at the 
entire portion of the inner lead thereof. The lead frame 
also has a concave shape depressed toward the inside of the 
inner lead tip at the second surface 110b of the inner lead 
110 including the tip. By virtue of such a lead frame 
structure, an increased tolerance for the connection by 
bumps is obtained. 

A third embodiment of the present invention 

associated with a BGA type resin encapsulated semiconductor 

device will now be described. Fig. 6a is a cross-sectional 

view illustrating the BGA type resin encapsulated 

semiconductor device according to the third embodiment. 

Figs. 6b and 6c are cross-sectional views taken in the 

direction of the thickness of the semiconductor device to 

illustrate one inner lead tip and one outer lead portion, 

respectively. In Figs. 6a to 6c, the reference numeral 200 

denotes the semiconductor device, 210 a semiconductor chip. 
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211 wires, 220 a conductive adhesive, 270 terminal 
portions, 280 a protective frame portion, and 290 an 
adhesive, respectively. The BGA type resin encapsulated 
semiconductor device is fabricated using a lead frame 
having a die pad along with the lead frame structure of he 
first embodiment. In this BGA type resin encapsulated 
semiconductor device, terminal portions 270, which are made 
of solder and adapted to connected to an external circuit, 
are arranged in a two-dimensional fashion on one surface of 
the semiconductor device. The lead frame used in this 
second embodiment is fabricated using the etching method of 
Figs. 8a to 8e according to the first embodiment to have a 
thickness smaller than that of the lead frame blank at the 
entire portion of the inner lead and the die pad 130. This 
lead frame is the same as that of the first embodiment in 
terms of the used blank and shape, except for the die pad 
130 and portions associated with the die pad 130. In the 
semiconductor device of this third embodiment, the die pad 
130 has a size allowing it to be received between facing 
electrode portions (pads) 211 of the semiconductor chip 
210. The semiconductor chip 210 is mounted on the die pad 
130 in such a fashion that its surface provided with the 
electrode portions (bumps) 211 directs in the same 
direction as the second surface 110b of each inner lead 110 
under the condition in which the surface provided with the 
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electrode portions 211 is attached to the die pad 130 by 
means of a conductive adhesive 260. The electrode portions 
(bumps) 211 are electrically connected to the second 
surfaces 110b of the inner leads 110 by means of wires, 
respectively. By virtue of such a structure, the 

semiconductor device of this embodiment can have a further 
thinned structure, as compared to that of the first 
embodiment or fourth embodiment. The reason why the 
conductive adhesive is used in this embodiment is to 
dissipate heat generated in the semiconductor device 
through the die pad. Where terminal portions are provided 
at the lower surface of the die pad for a connection to a 
ground line, it is possible to more effectively dissipate 
heat. A protective frame portion 280 is mounted by means 
of an adhesive 290 to cover the peripheral portion of the 
semiconductor device. This protective frame portion 280 is 
used where the semiconductor device has an insufficient 
strength due to its thinned structure. Accordingly, the 
protective frame portion 280 is not an essential element. 
In this embodiment, the die pad and semiconductor chip are 
connected together by means of the conductive adhesive, as 
mentioned above. Accordingly, where the die pad is 
connected to a ground line, it is possible to not only 
obtain a heat dissipation effect, but also to solve a 
problem associated with noise. 
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A fourth embodiment of the present invention 
associated with a BGA type resin encapsulated semiconductor 
device will now be described. Fig. 7a is a cross-sectional 
view illustrating the BGA type resin encapsulated 
semiconductor device according to the fourth embodiment. 
Figs. 7b and 7c are cross-sectional views taken in the 
direction of the thickness of the semiconductor device to 
illustrate one inner lead tip and one outer lead portion, 
respectively. In Figs. 7a to 7c, the reference numeral 200 
denotes the semiconductor device, 210 a semiconductor chip, 
211 pads, 220 wieres, 240 a resin encapsulate, 250 
reinforcing tapes, 260 a conductive adhesive, and 270 
terminal portions, respectively. , The semiconductor device 
of the fourth embodiment is a BGA type resin encapsulated 
semiconductor device fabricated using a lead frame made of 
a nickel-copper alloy containing 42% Ni and processed to 
have the same shape as that in the third embodiment in 
accordance with an etching process of Figs. 8a to 8e while 
having, at the entire portion of each inner lead and its 
die pad 130, a thickness smaller than that of a blank for 
the lead frame. In this BGA type resin encapsulated 
semiconductor device, terminal portions 270, which are made 
of solder and adapted to connected to an external circuit, 
are arranged in a two-dimensional fashion on one surface of 
the semiconductor device. The die pad 130 has a si.ze 
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larger than that of the third embodiment, but substantially 
equal to that of the semiconductor chip 210. The 
semiconductor chip 210 is mounted on the die pad 130 in 
such a fashion that its surface provided with the electrode 
portions (bumps) 211 directs in the same direction as the 
second surface 110b of each inner lead 110 under the 
condition in which a surface opposite to the surface 
provided with the electrode portions 211 is attached to the 
die pad 130 by means of a conductive adhesive 260. The 
electrode portions (bumps) 211 are electrically connected 
to the second surfaces 110b of the inner leads 110 by means 
of wires, respectively. 

All the semiconductor devices of the first through 
fourth embodiments use a two-step etching method shown in 
Figs. 8 or 9 and have a thickness smaller than that of a 
lead frame blank used at at least its inner lead tip. 
Accordingly, these semiconductor devices achieves a further 
increase in the number of terminals, as compared to 
conventional BGA type resin encapsulated semiconductor 
devices using a lead frame as a core, as in Fig. 12. Since 
the tips of the inner leads have a thickness smaller than 
that of the lead frame blank, it is possible to fabricate a 
semiconductor device having a thinned structure. 

[EFFECTS OF THE INVENTION] 
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As apparent from the above description, the lead 
frame of the present invention is fabricated using a two- 
step etching process in such a fashion that it has a 
thickness smaller than that of a lead frame blank used at 
its inner lead tips. The present invention makes it 
possible to provide a BGA type resin encapsulated 
semiconductor device capable of achieving use of an 
increased number of terminals by arranging outer terminal 
portions in a two-dimensional fashion on a lead frame 
surface, as compared to conventional BGA semiconductor 
devices using a lead frame processed in such a fashion that 
it has the same thickness as that of the lead frame blank 
at the tips of inner leads thereof, as shown in Fig. 12. 
The BGA type resin encapsulated semiconductor device of the 
present invention is fabricated using the above mentioned 
lead frame of the present invention. Accordingly, the BGA 
type resin encapsulated semiconductor device can have a 
thinned structure while having an increased number of 
terminals. Thus, the present invention provides a BGA type 
semiconductor device using a lead frame. 
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11 Grid Array)^?'Y y'<Dmmi^^m:m<0 

y- Fy u-Aa5Wo^3t:^accM-r^. 

[0 00 2] 

ittmmmMt(Dm\^ (mm.) t^^Ls kdas iccc 
ri^^. ]^iia{L mi^mit^tifcmmi^mm^cio^^x 

-Science ur. *fi£;L-c#/co C(D:fe. ^ag^^^gco^S 

r^/co ^iS^ (t'>) 10. #tc<>-'- FTU-Y-^:^^ 
F-fe;KCK^$n-5AS I C^>'5>C^i. v>rn 
DSPCDigital Signal Proc, 

e s s o r ) mo^mw^mmat. y- f:7u-a^ 

fl|li/c4>cD<hLr^i. QFP (Quad Flat P 
a c ka g e) ^cd^SH^^a* ^-t^Tl^^fflt.^ 6nr 

fc*:). QF pr^^3 0 ob'>i7^xc7:)*>cD^r;0^^{b 

^SoT^ri^-S. QFPt^. SI 4 (b)tC^-r#M 
y- F:7 U-A 1 4 1 0J£:«l=>/c4>CD'C. 014 (a) 
CC^CDKffiS^^-rcfc^^. ^-Y/^*-:^ F 1 4 1 1±5C^ 

^ y - F^as 1 4 1 2 A 14 2 0 

<7?ffl^ {m®>^^•';^ F) 1 4 2 1 1 4 3 OCCr 



( 3 ) 



l^m^ 9 - 8 2 0 6 



^ms 'J — H 7 A 1 4 1 0 tl. S^. 4 

'fR £ ffl X ^ ^ > JtJQ X;^ ri^ X 5^ > e > i^^fc (I i: 
0, 014 (b) iC^r<e^fd:„fBl^tCfi0XUT*f^S2?n 



I 0 6 ^t^. niSfg^SS^ 1 1 0 6 ^^ItVf^-c >^//t 
H 1 1 1 0 OJfifl^ffiSS 1 1 0 4 ^7.JU-.-n-;U 1 1 5 

I i 0 2 ffiirssvt*^ c:n«=>.£7.;w— — i i 5 o 



" -5 Itfr^ El T ^> - ' . * ■ . 

:r-' "( 0 0 0 3 ) 'U7i^-urj^J?>^^.--i5¥<^ai>^'^^ v • 

^' ^gfi«5^ €^»£t:y f^tbrc*«^. nSSi«H=^e JO'S ^ 

/t. Q F P-Ctt. TO^— 'J- HODtfv-?^*^'. 0 . 4 m 20 

y-v?ongei38^trS€r^;^tffi^^®^^ty ^- 
-:^r«^BGA(Ball Grid Array) <h 

G AH, -jeC0 1 1 »rin1-J:^a«5g-C^2». 01 1 
(b) ttSl 1 (a) (D^m (SS) i3i|/!>>^i^f/i(21-CEl 
1 I ( c ) (i X ;u - Jt^ - ^^ .1 i 5 o SB & U <o "C ^ 

COBGA»lBTU-:^> (b'7.T a H,^,S^§) 

0 2(oH-©c4*^aK*:3R^i 1 0 i€-fS«t-r^>5^</<-y H 

1 1 0 5i:^i^«^5^^1 1 0 l;!,^e.^>>x^>-^'7'f-^ 



30 



.(ST-^ss-To^i.^* lii?^:.i 1 \z7f.'rm']&<Dxj<r><r>m, 

A'^fiS^T-S B GA/^-yV-->*ti, -«?tC(±. 0-F7 

u - A 1 2 1 0 (onMk'r^ I 2 1 4 (c^fD-r sfis^c 

fl^^C^^^l^^Vtfc. -f JU/x 1 2 6 0 ±(Z »J - H 7 

u-A 1 2 1 0 ^e;£GT, mmtt±Lr:imi2 (a) 

tCfnT^t ^ atftiS. rit^^Ueil2 (b) IZijkT J^o fX^ 
^£ Xi^ifc. ±EU- U-A^:^l^-5 B G A/"? 

^i^T<fcp/ix-y 5^>i/)tox:^f£tci 0 f^sasnxis o , 
nssis^gs 1 2 14^0:^- 'J - HI 2 L attu- 
ne u-A^t^<o;9$cfPSi$nT^.*/^. ccT. la 1 

3 (C7i^TX-y^>C^lfflX:^?£€:WmtCSiB^bT^< . 5fe 
r. ffl^^t) 0<I14 2 %X-y^;l'-^fr^3&^'=>/U:<bi^ 
$0. 2 5mmSS?coSfl£ CJ- H 1 3 1 

0) (01 3 (a) ) Ltc'^^ ^C^ul^m^ 

h U->'X h 1 3 2.0 $:JS3lt£OiSiS® tci^ — tC^^T 
^. ( (0 1 3 (b) ) 

/g^tttUvA h^iltSLT (0 1 3 (c) ) . U'>';^ H 

A5r-> 1 3 3 0 tisfito. ist?^5a^^^*:' 

S(Cft:i;TfTVK «(k:m-fi^7Kigjff €:^^^^>^<^"^^ 

/.^^t 1 3 1 0) t-q?C$f^tt^^<7>^^'f^^^*-^*>:^^ 
y L. SiS^Ft^^^ (0 1 3 (d) ) 

;xt^T, u->-;^hfiK^*<KS!&^i> (tai 3 (e) ) . i5t 



< 4 ) 



I^M^ 9 - 8 2 0 6 



[ 0 0 0 6] 



¥ ft ctfT.-W;;^^. r 0 - K 7> - A ^& 3 r:*t;^:';u^-® 

-r ^ a6 O U 7 -A & If U <t t>> €:i^.^tLt-^._.- 
( 0 0 0 7] 

{tski^^m^r i>rz.ib(D^WL^ 4>^^m(r>^)- y^ y u-ix .20 

AT^>oT. '>/j:<<ht,. -r >:f--'j - K<h, aS-O:^- 
( c 0 ^ - 7c 6*1 C . ffi JiJ ? n Ac n @ ?S t ^ 6tj |g ^ 5: . 

ji-r >:^- 'J --K^ol^^l^Jtcf^7i*t^IHl^/f®t^^ci£^^£^n 

risO- ^SB^^gRlt. ftfrgaf^4^A^«S.:^JF^T4®^=&U 
T*50. l^(??f6l/i^i^^^/::2ffiljU-K7U-A3^^^ 

e» ^filftCfS);i^t.*tii<^T ^ o C t i "T ^> (TJT 

35^. -eUT, ±5atci5V^r. < >:h- 'J - Kg8±«:;i^ 
'j-K:7U-A?^t^o©$<fcOx)f»^tc^>^jtJox^nT 

A < y(7)i*^a5(*:^iaii, ±52:*:^^<?3 'J - K 7 U- A 40 
T. — AO^g«$S^gtS<^)^©Ci*i-ffi^/>^*^/:£ 

*4:^^(i, ^<SSB (/'^■vK) (SltOifi C is t\ T . 'f>-:^- 

fig SB ( -y H ) r? -r T -f > :^ - 'J - w <n ^ 2 ® «q 

-5. ^/c. :t: B G A 5^ < ^<7)itiy5{^?^ati. Ji K 



o C <b t r o t>cO-Cd6 0 . ^•J-K7U-AO< 

O B G A5''-r 7^<?3 4^i5«^^®ti. -t 55*^^ <7? ij — H 7 
U'- A €:ffll^7:r-B .G.A':5'.< <0 tif ^ ± gg/ iji $t g ^ 



K ) i^'o'Sfff-ffl^Ji ©r^-^i;*: 5 ^ T , : > ^ 'J- - H ^ 

ass 



H7u-A€fflt»rcBGA^'f 'y<Dmmmitm^m^^ 

e-C35oT, 'J — H 7 ACO^gB5S^SS<OSffilC4^ffi 
^15^ e i» ^ 85 13 ?5 ^ fi2 T ^ fit) O ^ g5 £ K * t T >J 
0. mFS'J - H 7 U-A(2. :^ -f S ^ t> CO 

K) <h< >:^-'J - H5fe^c;5m2®^Xt<fSIC:^fSl$fSi< 
<t7CtT, /^y Sffigfi (z^::/ K) m^\i 

(0 0 0 8 ) 

(f^ffl) ^c^B^iTD »J - K 7 U — Atl. ±£2£0<t :5 /imst 

^■SB G Ai? < y<D^Kiti±m^'^^^S:(r>r^n^'^^ 
tr<^)t)<OT35o, l?U<(i, :iz%q^(OU- K7 U-A 

<7?®5^«'J - H 7 U — A;^W<Dm$J;0 b?»^(C^I^)XJ 
X^n^^)(DT^ ^) C t J; 0 , ei^. 08, 09tl7FT 

<t ^ntxy 5^>^7'jfx]x:^^c^ 0, < >:^- u - K t?55t 

tUTV^-i). -eUT. 'J— H7U-Artv •1'>-:^-'J- 

^STi€, 'J - K 7 u- A©;cr9t^*x;iX:7c69tcK^ILTS 

Jtru-Sd^ctO. BGA5"f7'<7>4i-^I^SSi::^tJt;T 
-K7U-A3KW<tr)t.?»09iCLT('^^CtlC.fcO. 



< S ) 



i^m^ 9 - 8 2 0 6 



wimmi^fj^nyjmvji^ tazm, mas, ^4^<d 

T *5 0 . 1 <0 fS] >t 2-®1i 0 ;t- F 7 1^ - A/^S ( 0. 

Si^c$. o. too 1 M<o 2 ©j±-en^'n^^-«8^««<7)pt? 

1 0 0 0 9 ] 

Jg0»H€:gafi«T?». SI (a) ti:*:^ffi{^l 1 0) 'J - H 7 20 
U-A£^L/^ttBS¥®0T-^O, SI (b) \±. lai 
(a) 1 / 4 fifS5^<0fit>;:®r. Si (c) noi- 
_ ,j — I^5feja(7)Bx®®-C, SI (d) JiSl (a) <0A 

SI (a) lilSBSST. ±ft S: 5^;i^ 0 © < T 2) fc«> 
(CSl <b) tctfc'^, -f >:f-<J - nffiiS^fiK 
oDScti'>>'<c< brd6^». S4', 100H'J-K:7U- 
A. 1 1 Olio 'J- F. 11 0 All-f >:^-•J- 

HjfeMg^, I 2 0 tmss^a^gs, i4 0iiy^/x-, i 

5 0liffiO/N*-. 1 6 0(i:7U-A (t^BS> . », 7 0(1 30 
2^||J5CRJ1<D'J- F7U-A«1. 42% 

:L:^m{zx o f^sj^nrcB c a^< y<o^«<tssffl<o 
g-H^u-A-c^n. SI <a) icTF-r-fc^tc, > 

:f--tj - H 1 1 0 {C-«=6*HCS«SL>t^ge5a^S5 1 2 0 
>:j--ij - H J^JSK© (IJ-F7U — Affi) (Cft^V^ — 
;^7C&^3tzE^LTi50. <>:»-^iJ-F5e5fSgBl 
1 0 A85rclt-C/:t<-f >^-'J-F^*^*t.j-H7U- 

1 2 0 H»J - F7 Aj^^^(0i9$CH^^£3nTt^^. 40 

10Ol5StH40um, <>^-'J 
- H gtS I 10 tl^o;?^ t . tlO . 15 mmT U - F 7 

5«ci^gS I 1 0 A(0 t:-y ^*iO . 1 2 m m t: *y ^ 

Y >:^- 'J - FOffeJSSSi I 1 0 A*i. »a 1 < c ) tC 



f)^. IS3ft^teT7 < 3}< >xi' -< > y L- S Vi/^tt i: o 
TiiO, ^3©1 lOAc. I 1 OAdll'fV:^ 

_ ,j _ ^:<7)f*qQiI^f&,;iit^HA//:c7l^l^€: LT^3 0 , ^2® 
llOAb ( 9 < ir?t^ >r > ^^®) €:^<LTt>?SS 
e^jC9^<'^t><0<hLTt5^,. ^giSiS^aS 1 2 0 SI 

(d) \Z7rs'rXO\Z, »r©f^tt/>«BS:^J^T-4 ® tWOT 
;#3Q, 1 ffl^COfijA^C^^-:) 2 © 1 2 0 a , l20bH 
9^Um^(D^m/)^^n^UZ{t^t>^^^ffhViX 3^^. ^ft. S 
1 (d) iZ7r:TXt\Z. < 'J — FSfi 1 lOco^r® 

..fBticji. is 1 c ) tcjr.r-f >::r--y. - F jt.^sffl i i o 

V — A 1 0 0 t-^S^'^TH. nSCiS^SS 1 2. 0 tl5^A/S — 

1 4 0 i:-'«=MC^IS LT^.^c..- 
CO 0 10] ijSct^-C'. :*^^0'J - F 7 U-AO^iS^i 

2 tfiZ^r-S. S-2 ( a > il2t:^iS^l 2cr>U-F7U- 
. A 1 0 0 AiKttmsS^aaST^. 0 , S 2 ( b) H. S 

2 (a)<^a?i<n/4 ^^tD^:k®X. S 2 ( c ) . 
(-r) ll-f >:t--»J— F$tiS<7?tt^®ST. S2 (c) 
(D) US 1 (a) OC 1 -C 2 lCi3H:^»< >:^-'J- 
K 1 1 0 coftfrffi5:*b/:::0T®ST^-5, S2 (c) 

(A) usi (a) oc 1 - c 2 (ztsvt-angpa^sn 1 

2 0<7>Sim€H^U/tK^B5QT^^». ^ S2 (a) ll«i 
l&ST. < refci^tCS 2 (b) C fcfc 

35^. *:|IJS0q2O'J- F7 U-A^, 4 2 % - ^ ^ 

X 0 f^S2$nfcB G A^'-f yo=*^iS<*^iSffiffl<75'J- F7 
U — AT^O. B2 (a) C/=i^r<t-5 iC. -r>:^— 'J — 
F 1 1 0 (C-«*=&^JtC^3BLfc^S5i«^SP 1 2 0 € U - F 
7 u-Am(c»(.^-i5(:7ctr*)E^'JbT$^/>v ^JSW l 
g_^:7U-Ai:(lS>:tO. -f >:^-'J - F5t«fiP 1 1 
OAg^/t'^^SU — F7U-A3^M<OJ5$«*:0 tj^^tcfi^ 

fiE^nri^^^* S2 (c) (<) (C7Trr<fc^tc. >:*- 

- 'J - F5tif5® 1 1 0 AtOtyrffitl. 5ISS^I 1 
l^f5lUT3&2». S2 (c) (o) IC7rT<t7C. ^JS^ 
1<7>';- F7 U-AtHS/iO. 

7^<></Xtjr^^O<>:^-'^-F$t^fiBl 1 0 At:x 
niinfi553fiT^» 1 20tI^i;<'J-F7 V"'U^^^<om 
SICi^/JESnrv.i. C^O^V. ^ U - F 5fe5Sg5 i 

1 1 OA\Zit^^^y^^'^^^^^''^^^'^''^ 
(c) (M) CinTct^tl, ngft9fS^S&l 2 00)8^©^ 

il. ^BSW 1<^0-F7l.-Ai:l^mtc, 'J'F^U 

AS|;ra3J5^f (CJ^fit$nT^>^>. i^^ :^^^OT'J-F7 

u-A I 0 0 Ati43t.Tt.. nffl^i«i^fifi I a on^A/s 

— 1 4 0 tfcW tests LTt*^ - 
(0 0 I 1] 1IB5flfHlELC/^ffiW2^'^-"^*^^'' 
tfirtSl <a) ^(32 (a) tC.^Tfi5«CX-y^ 

, , - K I 1 0 3 U 



9 

ytrmni^ttik. u - h i i o gfi^^^?^r-7• 

1 9 0 T-©^L7t (EI 3 ( b) ) i^^c, yux^icr. 

4i^a?«r^^Sf^K<^K^fCJi^5g(7)^^gfi 1 1 0 B €IS^3&t 
T (132 (a) ) . J^fltU/H.'^Ai. Ife^SM 2 'J - H :7 

{cii:^^IS u >ct^5gtcx'y ^ >i^Jtax LXtt^r^ T^fiB^ 

/7 u/ S U T t> S k-^ 

X :^ ^ la 8.jr,^cU^^'^^:2ft ^ . . ® 8 »i v.;?:^:, r 

2 gl5<73itfJMg|i(ci5ttaajif XtiOr^a. .08^4^,. 8 1 
0 'J - h-*-7 U- A3^|^. 8 2 OA. 8 2 0 BfiUvX- 

ngfi. 8. 5 0 tt^ — <DGafig. 8 6 0 (SmxcOMS?' 8 7 
0 *i^^<^®:^'8 '8 0 iiX .y ^>y«}A® t^T, ^ 
Zc, . 1 1 0 (i-f >:h- U - H , 1 2 0 il^^gC^^gCT 
^-5. 4 2 %x-y ir;U-St^^/i^t>/j:0, 

0. 1 5mm<0U — K^U — Z*^if8 1 QcOpEjgfc. s 

O^ — (OW a gB 8 3 0 . mx(^15aa3 8 4 0 to U->* 
;^ h/"^ iS' — > 8,2 0 A. 8 2 0 B ^J^Pt L>t, (E£l 8 
< a ) ) 

^ — <DS^ a ffll 8 3 0 H. f^COX y 5^>^tt]X(Ci5UT^ 
SfI5S^fiI5iOf^tfe Srf^fiET-S <i: t t) (C. <>:^— U-Kf^ 

^fg*?£tct5Vt ^> 'J-H7u-A?!f«8 1 o^ccoraasp 
/t^<r>t><DV. u •>*A hcD^xcoraaSC 8 4 0 li. > 

t»i7)T$»^*, :i^i'iT. 5 7 " C. 2SS48Be O 

ifeib^X^^a5$:fflt^X, xyi/-JE2- Skg/cm 

5^f^8 1 Q (om^^x.y 7^ > . ^^iit (w-m.ik) (c 

JffiliSn;^:^ — C0[Hlgi^8 5 0cor3^3rh/>^''J — H7U— A 
gRlt<7) l/'3tC5^L/cK?.^-CXy5^>5^-$:jJ:46/::. (ta 
8(b)) 

±32^ 1 S g OX *y 5^ >i/(C^30vr«, »J— 

3^ 8 1 0 CO fffii S e fsl 8^ C X y ^ > i?^ ^ ?T ^ Ac X>« . 

r t ti i£i ® m (c X y ^ > ^ T 5 i:* g rj: t \ . '> 

/&t^a?raoS5^^t3U>^A h/'?5' — >8 2 0 B/5^^5jt$ 
n/iiSm7^»»^JSE«?ffitCJ:iXy^>y;jDX€:fTl^. iSS 
^ n/i < > 'J - H gfiff$/i£^ai«lC*3t^T. ^SfiX y 

-^C 5Slt2l@cr)X-y^>yc*5V^T»;-K7U-A3^ 
M8 1 0CO(S]c&;5^«=,fg]Si5[CXy7'>^^T^'i*"*"" ^® 
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^ y ^ > 2 isi E n y ^ > (D h ~ 9 jmrB'\t)^m 

m-CDQQB^B 50tCX-y^>i/g^® 880<i:LT(Dnt 
X'y^>^f$(D^^;jt-yh>;uhgy9.y/7x (■tf'-i'> 

=1-5^^ ffiCiT, ST^L. -c^tt (^tft*;) (cjesa? 
nrc^-cocass8 s o \zmtb^/x,rc. uyx h/x5'-> 
8 2 0 A±hi&j: y^>cri&mm a s o^^^^n/tik 

10 !gc Lrc. - C® 8 ' ( cj ) 

>{/J^m^ Q B d^. i^vX h/^^'- > 8 2 0 A 

O-SiStC<0;^^-/hT^> C tti^lL t^*2%C. 08 (c) tc 

;Kr«t ^(c,^%-(DGafiis8 5 0 t i^ic. ^*_(73fsflaef5 

8 3 0 (B«J^aaTCx"-y.5^^yigK® 8 8 0 L/t. 
^S5WTfi&^LrcX-y'^>/r}£fnS a 8*0*i. 7 )\.:fj u 

A^. *f£L<. ±J2c? x(zps^$ nr, UV 

80^-r>:^-«J- H5tuSg5(7>f&«$f^fi£T'5r::«C)<D/^ 

9->f>mBt^nrzmm(03iPi:^t\tL7^-<DQ!}mB 5 0 
coG3g!i 8 s 0 ;5«iBfl*$ nT;*:$ .< (c Ur t» 

a^^hiZ. ?Sm*ffl/UX.y 5^>5/jtnxtC^f LT<Ofi2tt£6<J 
'i^SJS^S- LT^ 0 . 7.ru — HI-£5J< (2. 5kg 
/cm' a±) i:Ta C <t;i*-C^, wnc<tOX':/^> 

•y ^ > iJ^^?T«.i. GDOtJcjas^ 5 n/^^x^ocasis 8 6 0 if^ 

30 J5£Si9Mv e 'J - H 7 U- A 3f?^:f 8 1 0 € X -y 5^ > L . 
©SStf, 'f>:^-'J-Kll0 i3<fct^^gC«3^aJ 1 2 
0 5:fi56t U/^. (S 8 <d ) ) 

m 1 @eox-y f^>5^jbox(crf^fi?nrc. x-y^>^^ 

ff^f£Sj8 7 0 tisP-fflT-^^)Av C(7)m£fi^tl2®IS't'> 

■;/^>yi£tA®8 8 0 (Dm^. U i^*;^ h SJ ( U X h 
5^— >8 20A. 8 20B) cOp^SS:|fvi. <>:^ — U 
- H I 1 0 J3 J;0:^gC^^S& 1 2 0 rttffflX ^ tt /Si® 1 
(a) (CinT 'J - K 7 A X-y^>yS»t/S 
to 880i:U>-*Xl-K(Uv;;^h/^5' — >820A, 82 

OB) (Dm^n^^iti- h o i^7Kfsm\z^n 

(00 131 ±ISE)8iCinT';-K7U-AOx-y5^> 

cfmxTjmn^ I (b) <7d a i - a 2 ssKT^^ssstc^n- 

6«i£Xe0£inL/ct>OT*^/>^ (2)1 (a) iC^T 
'f>:^ — 'J-HJri^gSl 10AOJg6Jtt>, SlSfC^vL/c 
<>:^ — 'J-Hl 103Sco/&f3t<tf51C<i:^ICUTfl$fiS:5 
n^>. ias I; i^rx y ^>y;3ox J: 0 -r 'J 
-K^<!(:^«j-h-7U-A3SM^r)b/Sfl*I{cnf&tt]XT 



( 7 ) 

! I 

im I 1 0 A a ^m^^i;Ln<DO - h ^ u- ajk^^co^c 
$ tfsi i;j?$(oto<DgK^<hf^-stc. masiiOAb 

(00 14) 02 iC^nT. 2 O U - H 7 U-A 

- 'J - HJtisasB 1 1 o Anm a c^r-f y-r-v - F^as 

1 1 0 f^i5Jc tfS) G<. g-K^lx-A^^t^fi 1 0,<0/5$ 
J: 0 fSf LTJf5B£L/ -f >:*--0 - K 1 I -0 <05t^S 

i;i^\t. ® 8 CTR'Tngs^^gs I 2 0 <r>fi^0ttwic< . 

»J — K7U-A^W8 10 <t PLL;;?^ (CSfiET^) C <btC 
<tO. >:^" - H5t3SgffiOi^^t 'J - K 7 U-A-5^f^ 

x/mx^zxttn-c^^, 

(zn. s 2 m 1 I 0 b s-f >±- u — H<S1^c[Hl^/f f^t^ 

^. s 9 tcn^Tx-y ^>i^ttix:^ffe/^«s^n^». a 9 tc 
iFTx-:/5=->i^flOX:^^ti, ^ 1 g]a<oxt/5^>^xe 
^T-H. El 8 C^rT:^lfei:^ C■C^>^»;!^^ Xv^>^!^« 
8 8 0 <0C3g& 8 6 0 iS!l(Z^«63iA7>t*e&. ^- 

*0 CD SB 8 5 0 2!Hie0Xy^>y$^fTVi; ifi 

$ ti-'^v^T^/U^ T^^^.. 0 9 tCirrx-y^>yi)CX^ 30 

>:^-*J- K<7)EEfro&*^t^tt, 05 (b) tCiK 
-r«fc7tc. ^2®110bAW>:^ — U-KftiJC-xCA. 

(0016] ±1208, 09 (C^TX-;/ ^>^^/JDX 

:^?ic75,i: o c x-y^>i/* 2i£P^(ct3itrff ^x-y^ 
>^?'£ox:^ffi^. -«tcii 2 gfcx-y ^>yjtxix:^fct^ 
^Tiso. 5S*fflJ!mxfc=&l<j/t/jox:^r£-C^i. 0 i (c^f 

-r5?^i?gi<o'j — — Ai 10-^02 tc^-r^»s^i 
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